Objective: Self-report is commonly used in epidemiologic studies, however little data exists on the reliability and validity of this method for eliciting information related to the diagnosis of colorectal cancer. We examined the test-retest reliability and validity of colorectal cancer patient reporting on the process of their diagnosis.
Introduction
In the United States of America, Europe and most of the industrialised world, colorectal cancer is the third most common cancer and the second most common cause of cancer deaths (1) (2) (3) .
Risk increases progressively with age, and the incidence of colorectal cancer is expected to increase as worldwide trends in population ageing continue (1) .
The process of diagnosis for colorectal cancer is often characterised by multiple symptoms and a number of diagnostic tests. Symptoms may range from the acute, such as rectal bleeding, to more general, constitutional complaints, such as lethargy and loss of appetite. Symptoms may not be apparent until late in the disease course, and as a result, colorectal cancer is often diagnosed at an advanced stage (4) . Patients sometimes undergo a number of tests before a conclusive diagnosis is made.
Self-report is a common method of obtaining data pertaining to symptoms and diagnostic tests for epidemiologic studies, primarily because it is easy to implement and inexpensive (5) (6) (7) (8) .
However, self-reported data may be limited by a number of factors, such as recall error, biases such as social desirability and acquiesce, and by poorly-constructed measures (7, (9) (10) (11) .
There is a scarcity of data on the reliability of self-reported colorectal cancer symptoms. Malats and colleagues (12) compared hospital records with interview data to assess agreement on the initial symptom experienced by patients with cancer of the digestive tract (just over half had colorectal cancer). They found that the concordance between hospital records and interview data was 61% for type of first symptom, with only 46% agreement for the date of first symptom (within 30 days).
A number of studies have assessed the validity of self-reported testing for colorectal cancer (5, (13) (14) (15) (16) . However these studies focussed on colorectal cancer screening in the general population. There are no published data on the validity of self-reported diagnostic testing among colorectal cancer patients. Most studies of the validity of self-reported screening tests found at least moderate agreement between self-report and other, more objective data (13) (14) (15) (16) .
Colonoscopy and sigmoidoscopy were more accurately recalled than faecal occult blood testing; recall was generally better for more invasive tests (5, 14) . A common finding was that participants tended to report having had screening tests more recently than had been the case.
We examined the test-retest reliability and the validity of patient self-report on key elements of the process of diagnosis of colorectal cancer.
Methods

Sample
One hundred and eighty-one adults were randomly selected from participants in a populationbased, longitudinal study of the diagnosis of colorectal cancer and quality of life following diagnosis. All had been diagnosed with a first, primary diagnosis of colorectal cancer between 1 January 2003 and 31 December 2004, were aged between 20 and 80 years, and had been recruited through the Queensland Cancer Registry. During a telephone interview, these 181 potential participants were asked whether they would take part in a repeat interview, one month later; 148 agreed to be re-contacted and 116 were successfully re-interviewed. The University of Queensland's Behavioural and Social Science Ethical Review Committee approved the study's procedures.
Data Collection
Open-ended questions were asked during both telephone interviews to ascertain details of symptoms or reasons for visiting a doctor. Participants were also asked how long they had these symptoms before consulting their doctor, the date of the first doctor consultation, how many consultations they had prior to diagnosis, the type and date of tests performed by their doctor, and the date of diagnosis. Sociodemographic information was collected at the initial telephone interview only.
Participants also provided contact details for their general practitioner (GP) at the initial interview. GPs were mailed a one-page survey, asking about date of first presentation; reason for initial presentation, including symptoms; diagnostic tests performed and dates of those tests.
For both the patient interview and the GP survey, the non-mention of a symptom or test was assumed to correspond with a "no" response.
Statistical Analyses
Reported symptoms and diagnostic tests
A variety of statistical methods are available to test reliability and validity (17) . To allow comparison of results within the study, we used the same measures for both reliability (comparing data from Interviews 1 and 2) and validity (comparing results from Interview 1 to information supplied by the participant's GP). In order to present meaningful estimates of reliability and validity, analyses were only conducted for symptoms or tests that had been reported by at least 10% or more of participants. All analyses were conducted using SAS version 9.1 (SAS Institute, Carey, NC). Two summary statistics have been calculated for each symptom or test. Positive specific agreement is a measure of the proportion of concordant positive results from the two datasets being compared, and is calculated using [(no,no)] may occur due to an oversight by the respondent or GP, rather than reflecting the true absence of that symptom or test. All calculations for both positive specific agreement and kappa relating to the symptoms and diagnostic tests were based on dichotomous (yes/no) data.
There are no definitive standards for interpreting positive specific agreement or kappa. Table 1 summarises how the indices have generally been interpreted for this study, in line with recommendations made in the literature (17, 18, 21) . Positive specific agreement has been expressed as a percentage, and kappa as a ratio between -1 and 1.
__________________________________________________________________________ INSERT TABLE 1 ABOUT HERE _____________________________________________________________________________
Date of diagnostic tests, date of diagnosis and date of first consultation
Comparisons between the reported dates of colonoscopy (Interview 1 versus either Interview 2 or the GP data) and date of diagnosis (Interview 1 versus Interview 2 only) were summarised by calculating the percentage of the dates that agreed exactly, agreed within one week, agreed within one week to one month, or differed by one month or more. The date of diagnosis was not included on the GP survey form, therefore no validity analysis was conducted for this data item. Comparisons of date of first consultation could only be made at a broader level (same month or one month or more earlier or later), as this was only recorded to the nearest month for a considerable proportion of respondents. Accuracy of recall of the above dates was further assessed by calculating weighted kappa coefficients. Weighted kappas are an extension of the simple kappa coefficient using weights to quantify the relative difference between responses (22) . Weights were derived using the Cicchetti-Allison method (23) .
The difference in the dates was also plotted against the date given at Interview 1 to try to establish whether there was a relationship between the size of the difference and the length of time since the event was initially reported to have occurred. This approach is based on the Bland-Altman method (24), which is commonly used to examine the difference of two measurement techniques against their average, to identify any systematic bias. A regression line was also fitted to these plots to assess the significance of the relationship. A small number of extreme outlier values were removed from these analyses so that they did not overwhelm the results. For the purpose of this study, an extreme outlier was defined as a value < Q1 -3xIQR
or > Q3 + 3xIQR, where Q1 = first quartile, Q3 = third quartile and IQR = interquartile range (25) .
There were insufficient data to evaluate the reliability or validity of other diagnostic tests apart from colonoscopy.
Number of doctor consultations
To calculate the test-retest reliability of the reported number of visits to a doctor prior to diagnosis, the overall agreement and weighted kappa coefficients were used.
Time from diagnosis and accuracy of recall
The reliability and validity of each variable were correlated against time from diagnosis to first interview, using the Spearman method (22) . This was to determine whether the accuracy of recall diminished as the time from the diagnostic process increased.
Results
The mean and median time between Interview 1 and Interview 2 was 34 days (range = 27 to 44 days). The sociodemographic and disease-related characteristics of the study participants are presented in Table 2 .
_____________________________________________________________________________ INSERT TABLE 2 ABOUT HERE _____________________________________________________________________________
Reported Symptoms
There was a moderate to high degree of reliability between Interview 1 and Interview 2 for more specific symptoms of colorectal cancer (Table 3) . "Blood in stools", "pain in lower abdomen"
and "change in bowel habit" all had positive specific agreements between 78% to 90%, and kappa coefficients ranging from 0.72 to 0.85. "Lack of energy/tiredness", a symptom common to a range of illnesses, only had a moderate level of reliability. There were insufficient data to do meaningful analyses of the reliability of other specific symptoms, such as nausea or vomiting, unexplained weight loss or loss of appetite.
Validity for reported symptoms was moderate for "blood in stools", "pain in lower abdomen"
and "change in bowel habit", which all resulted in positive specific agreements of 59% to 66%
and kappa values between 0.43 to 0.50 (see Table 4 ). For the less specific symptom of "lack of energy/tiredness", both the positive specific agreement and kappa coefficient indicated a poor level of validity.
Diagnostic tests
Colonoscopy was the most commonly reported test, with 107 participants (92%) stating during either interview that they had a colonoscopy. This diagnostic test had the highest levels of positive specific agreement (94%), however the value of the kappa coefficient (0.54) did not support the high level of reliability suggested by the former index.
Of the other diagnostic tests, faecal occult blood test, ultrasound, and X-ray all had moderate to high levels of reliability, with positive specific agreement ranging from 73%-78% and kappa coefficients between 0.70-0.76. The results also indicated moderate reliability for digital rectal examination, blood test and CT scan (see Table 3 ). Therefore, these data could only be matched to the nearest month. Even with this reduced precision in matching the dates there was still considerable variation in recall, with almost a quarter of participants giving dates that were at least one month or more apart (8% earlier and 16% later than reported at Interview 2). However, based on the kappa coefficients for agreement within the same month, reliability for date of first GP consultation was moderate to high, with a weighted kappa of 0.85 (0.77-0.93).
The Bland-Altman plot (Figure 1 ) displays no clear pattern of dependency between the date nominated during Interview 1 and the difference in the dates reported between Interviews 1 and 2 for the majority of the data points. When the extreme outliers were removed (retaining 109 out of 115 data points), the slope of the resulting regression line was not statistically significant (p=0.087).
_____________________________________________________________________________ INSERT FIGURE 1 ABOUT HERE
_____________________________________________________________________________
When the date of first consultation reported at Interview 1 and the GP data were compared (n=87), there was agreement on the same month for only 43% of participants, with the rest of the cases recording dates that were at least one month apart. Twenty-three (26%) nominated a date that was one month or more earlier than the date from the GP, while 27 (31%) nominated a date that was one month or more later. The poor to moderate validity is also borne out in the weighted kappa (0.51, 95% CI = 0.38-0.64).
A greater amount of bias is evident in the Bland-Altman plot comparing the difference between Interview 1 and the GP data for date of first doctor consultation than in the comparison between the two interviews. Even after removing extreme outliers (retaining 83 out of 87 data points), the slope of the line remains highly statistically significant (p<0.001). 
Date of diagnostic tests (colonoscopy only)
For reported dates of the diagnostic tests, the date of colonoscopy had high reliability, with 90%
of eligible participants (n=91) reporting the same date at both interviews. Only one respondent reported a date that was more than one month earlier than reported at Interview 2, and only one participant reported a date that was more than one month later. This was further underlined by the weighted kappa coefficient for agreement within the same month and year of 0.98, 95% CI = 0.95-1.00.
There was more difference in the dates reported for colonoscopy between Interview 1 and the GP data than was observed between the two interviews. Exact agreement on date of colonoscopy fell to 46%, with 12% of the dates more than one week earlier for Interview 1 in relation to the GP data, and 17% at least one week later. The weighted kappa coefficient for testing validity for the same reported month and year for colonoscopy was 0.75 (95% CI = 0.60-0.90), which is still indicative of a moderate to high level of validity.
There was no obvious pattern in the Bland-Altman plots for date of colonoscopy when comparing Interview 1 against either Interview 2 or the data obtained from the respondent's GP (graphs not shown).
Diagnosis date
A comparison of diagnosis dates reported at Interview 1 and Interview 2 showed very good reliability, with 85% of respondents (n=116) in exact agreement between the two interviews.
Only 3% of respondents reported dates that were more than 1 month different (either earlier or later) during Interview 1 compared to Interview 2, with a corresponding weighted kappa of 0.97 (95% CI = 0.93-1.00).
Number of doctor consultations
For the number of doctor consultations reliability was moderate, with observed agreement of 64% (n=116) between Interviews 1 and 2. However, a further 32% of respondents differed by only one visit in the response that they gave for Interview 1 in comparison to Interview 2, and the mean number of visits (2.8, 95% CI = 2.6 -2.9) before colorectal cancer diagnosis was the same for both data collection points. The kappa coefficient also points to a moderate level of reliability, with an a weighted kappa of 0.57 (95% CI = 0.45-0.69).
Time from diagnosis and accuracy of recall
There were no significant associations between time from diagnosis to first interview and either test-retest reliability or validity, for any of the variables assessed in this study (data not shown).
Discussion
To our knowledge, this is the first study to assess the test-retest reliability and validity of selfreported cancer diagnostic tests. Such information is important because self-report will continue to be widely used in cancer epidemiology studies. Our findings suggest that the accuracy of self-reported diagnostic information is variable, depending on the type of information being elicited. Overall, we found the test-retest reliability to be moderate to high, and the validity moderate to poor. We did not find that accuracy of recall diminished as time from diagnosis increased.
In terms of symptoms, the more acute symptoms specific to colorectal cancer were found to have good reliability and moderate validity. However, this was not the case for less specific symptoms. This may be because patients only report their more acute symptoms to their GP, or it may be the case that GPs do not routinely record symptoms that they do not consider important. The limited time allocated for GP consultations may impact both on patients' tendency to report all symptoms and time of onset, and the comprehensiveness of GPs' records.
Colonoscopy was the most accurately recalled diagnostic test in terms of uncorrected agreement, however, the values of the kappa coefficient did not appear to support the high levels of reliability and validity suggested by the positive specific agreement. This apparent anomaly may be due to either the open-ended nature of the question and/or the high positive response in this case. These factors most likely contributed to the value obtained for the negative specific agreement (60% -moderate), and the imbalance between the positive and negative agreement would then impact on the calculation of kappa (19) . Given the characteristics of the data, it is likely that the positive specific agreement provides a better indication of the reliability and validity of the colonoscopy responses than the kappa coefficient (23), although the "true" answer is probably somewhere between the two indices. The accuracy of recall of colonoscopy is in keeping with results from studies that assessed the validity and reliability of self-reported colorectal cancer screening, and found that colonoscopy is more accurately recalled than other colorectal cancer tests (5, 13, 14) . This may be due to the lengthy and sometimes uncomfortable preparation regime required prior to colonoscopy.
Test-retest reliability was good for diagnosis date and for reported date of colonoscopy, but the validity for colonoscopy was not quite as strong: there was exact agreement between participants and GP data for only about half of the dates (although validity with the same month and year remained moderate to good). These results raise concerns about the quality of selfreported data on the process of diagnosis. Of course, the research question being addressed by a study would determine whether or not it is important that patients recall symptoms, test and dates with great accuracy. For the purpose of examination of delay in diagnosis of colorectal cancer, our findings suggest that researchers should use self-reported data with caution.
A limitation of our study is that we used data collected by GP questionnaires as the "gold standard" comparison for validity analyses. We were unable to access GP records ourselves due to cost and time restrictions, as our sample resided across the large state of Queensland.
Medical records and physician notes are not always accurate or complete (5, 14, 16) , and have been described as an unacceptable criterion against which to assess self-report (7) . By asking
GPs to complete a questionnaire based on their records we likely attributed an additional source of error/bias to the data. However, in practice it is often difficult and expensive to collect more objective sources of comparison data. For example, comparing reported blood tests against pathology reports would be costly and impractical, in the Australian context, as there are numerous pathology service providers involved in diagnostic testing. Further, not all diagnostic tests result in reports being generated, for example digital rectal examination and abdominal palpation, therefore GP records will sometimes be the only comparison available.
Another limitation was the collection of symptom data through spontaneous reporting. Funch (26) found that responses to open-ended questions underestimated the number of symptoms that colorectal cancer patients reported. Therefore participants in this study may have reported slightly different symptoms at each interview, these symptoms being different simply because they represented a proportion of all the symptoms the participant had experienced. It is likely that the reliability of reported symptoms would have been higher if the interviewer had read out an extensive list of symptoms, and asked participants whether they had experienced each of the symptoms. However, this method may also lead to over-reporting of symptoms, particularly those not specific to colorectal cancer, which may also jeopardise the validity of this type of measure.
Further research is needed to establish the reliability and validity of self-reported key elements in the process of diagnosis of different cancers. Disease characteristics, treatments administered and demographic characteristics of patients can vary widely, making generalization of findings inadvisable across cancer types. Different administration methods, such as written questionnaires and face-to-face interviews, should also be assessed to determine whether mode of administration alters the test-retest reliability and validity for these items, particularly in regard to the sourcing of data from GP records.
Although imperfect, self-reported information is an important means of collecting data for epidemiologic studies. Our findings provide some evidence to help guide the interpretation of self-reported symptoms, tests and dates in the colorectal cancer diagnostic pathway.
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